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). Exposure to moderate levels of cigarette smoking (cumulative) was not significant; nor was exposure to aluminium in drinking water, diet, and medicinal sources.
Conclusion -In this study of modest statistical power, a family history of dementia was confirmed as a risk factor in PDAT. No significant relationship between exposure to aluminium in water supplies, tea, and antacids was found. What is important, however, is the bioavailability of all dietary aluminium, determined by the concentrations of dissolved silicon in water: this requires further investigation. In contrast to these advances in un- derstanding the molecular genetics of These potential cases were identified from hospital admissions to both general and psychiatric hospitals, brain computed tomography records, day hospitals, social services departments, private nursing homes, clinical psychologists, community psychiatric nurses, and general practitioners. 12 Hospital case notes were studied for each case, and patients were included if there was evidence of memory impairment lasting three months or more, accompanied by personality change or at least one other type of cognitive deficit, and where there was evidence that the symptoms had interfered with social functioning. " A diagnostic algorithm, incorporating the NINCDS-ADRDA criteria for Alzheimer's disease and excluding cases of secondary dementia, for example when there was a Hachinski ischaemia score of 6 or above or a focal abnormality on computed tomogram, was applied to the case note information.'4 15 The method has been described fully elsewhere.'2 Eligible cases for inclusion in the case-control study were therefore those patients alive at the time of follow up in 1990-92 who fulfilled DSM-III-R criteria for dementia, NINCDS-ADRDA criteria for Alzheimer's disease, and had not been considered by the diagnosing clinician or from other information to have dementia of some other type.
The mini-mental state examination (MMSE) was used to check cognitive impairment in each patient, and patients with a score of 25 or more out of 30 were excluded. '6 Patients with a score of 17 to 24 on the MMSE were interviewed using the geriatric mental state (GMS) examination to exclude any possible non-organic psychiatric conditions, particularly depression.'7 Further requirements for inclusion were that there was a suitable informant available for interview and permission was given by the responsible clinician to approach the patient and informant, ethical approval having been obtained from each health district in the region.
Each case was individually paired with a control matched for age and sex. Controls were randomly selected from the population of the northern health region by a two stage procedure. Firstly, for each case, a family health service authority (FHSA) was chosen randomly with a probability proportional to population size. The authority then supplied the names of five individuals of the same sex and age as the case. One of these was selected randomly and permission was sought from the GP to approach the potential control. Each potential control selected had an equal overall probability of selection. ' Questions not previously used were tested first in pilot studies. The standardised interview schedule covered the family history of dementia, Parkinson's disease, and Down's syndrome; maternal age; disease and accident history; cigarette smoking; physical activity levels before onset; and exposure to aluminium, particularly in the diet (for example through sources such as tea drinking and in medication). All interviews with informants for both cases and controls were undertaken by a single observer (AJN) and all but one of these took place in the informant's home. Historical data (based on local authority districts in the mid to late 1 980s) on aluminium levels in drinking water were available for the eastern part of the northern region and were supplemented by data for Cumbria provided by the local water company.'0 These data on aluminium levels in water were related to the place of residence at which the individual had lived the longest in the 10 years before onset of the symptoms of dementia (and the equivalent point in time for controls). In analysis, the case-control pairing was maintained and odds ratios (ORs) were calculated using McNemar's test. The 95% confidence intervals (95% CI) for ORs were calculated using the Confidence Interval Analysis programme.22
Results A total of 211 cases of PDAT from the original identification and diagnostic checking processes were known to be alive. Thirty of these (13%) had either moved out of the region or their current GP could not be traced. In 16 (8%), the GP advised against interview; in 28 (13%), no suitable information could be found; and in 3 (1 %), an alternative diagnosis to PDAT had been made by a consultant in the meantime. The informants for 134 cases were therefore approached but 15 A number of hypotheses was tested, based on arbitrary levels of aluminium in drinking water, related to a person's main place of residence in the 10 years before the onset of dementia (and the equivalent in controls) and to the birthplace. The latter analysis was restricted to the 80 case-control pairs in whom + + Number of matched pairs in which both the case and control are positive for the factor; --number of matched pairs in which both the case and control are negative for the factor; + -number of matched pairs in which the case is positive for the factor and the control is negative; -+ number of matched pairs in which the case is negative for the factor and the control is positive. + + Number of matched pairs in which both the case and control are positive for the factor; --number of matched pairs in which both the case and control are negative for the factor; + -number of matched pairs in which the case is positive for the factor and the control is negative; -+ number of matched pairs in which the case is negative for the factor and the control is positive. + + Number of matched pairs in which both the case and control are positive for the factor;--number of matched pairs in which both the case and control are negative for the factor; + -number of matched pairs in which the case is positive for the factor and the control is negative; -+ number of matched pairs in which the case is negative for the factor and the control is positive.
both had been born within the northern health region, for which we had data on aluminium concentrations. In testing these hypotheses, we were unable to reject the null hypothesis and no increasing gradient was detected in the ORs with increasing exposure to aluminium in water.
In addition, analysis of the risk factors reported in table 3 was carried out separately for the pairs with and without a familial case of AD. There were no important differences from the findings for all pairs reported in table 3.
Discussion
In this case-control study, the effects of age (to an actual day of birth) and sex were controlled for and these variables were not therefore analysed. Age is of course an important risk factor. In earlier work on PDAT, we found that there was a gradient in the increase of age specific incidence rates from 0 9 per 100 000 in the age group 45-49 years to 14-5 per 100 000 in the age group 60-64. Incidence rates in the age group 45-64 were higher, but not significantly so, in women than in men. '2 It can be argued that younger cases of dementia are more likely to be investigated by specialist services, and that our methods of identification used these sources. It is also possible that if there is an environmental factor in the causation of AD, with or without a genetic contribution, this factor may be more detectable when its effects are exhibited in younger patients. A disadvantage is the difficulty in assembling large numbers of young cases for study. Based on the 109 cases of PDAT and matched controls, a study of this size would have an approximate power of 80% to detect an odds ratio of 2-5 at the 5% level of significance, if the exposure of the controls to the putative risk factor were 30% (a typical value for smoking).
Based on clinical and interview information, we sought to establish a group of pure AD cases in order to minimise misclassification and hence avoid weakening the power of the study to detect true associations. We had the advantage of a long follow up period which meant that cases with a temporary cognitive deficit could be excluded. Without neuropathology, however, it is difficult to be certain that patients with pure AD and not, for example, Lewy body disease have been identified. 23 The use of the Hachinski score to exclude cases of vascular dementia may have led to the elimination of cases of mixed AD and vascular pathology and, since smoking is associated with cardiovascular disease, may have reduced the recorded smoking rates in the cases of AD.7 The cases of PDAT have been diagnosed over a number of years and therefore comprised both prevalent and incident cases. The sample investigated could therefore contain an excess of those with longer survival who may respond differently to exposure to risk factors,24 although there is no reason to suspect this in this situation. Analysis following stratification of the case-control pairs by year of diagnosis did not identify any significant differences in risk factor exposure or odds ratios in different strata, suggesting that survival bias was unlikely to have occurred. The case-control pairs were also analysed separately on the basis of whether the case was familial or non-familial. As with other risk factors, we did not find any important differences in the results in these separate groups compared with all the case-control pairs.
The selection of controls had to be neutral to environmental bias and therefore the method used could not identify them from the same general practice as the case. However, each control was randomly selected from the whole of the northern region and the compliance rate of 53% in the first control approached is similar to that obtained in a comparable study.7 Although the assessments used in controls, and through interviewing their informants, ruled out dementia at the time of interview, it cannot of course be guaranteed that they will never develop dementia in the future. Data on exposure to risk factors in both cases and controls were obtained in a similar manner from an informant who was a close relative. '5 This study confirms the previously found significant association of AD with a family history ofdementia in first degree or all relatives and also dementia before the age of 65 in any relative. 9 The dementia in relatives reported by informants, however, is not necessarily of the Alzheimer type. ORs above unity for late maternal age, a family history of Parkinson's disease, or Down's syndrome were not found. A study of this size would have only modest statistical power to detect such differences when exposure in controls (or the population) was low. The OR for head injury at any age was only slightly and non-significantly above unity. Although this factor has been found to be significant in a number of studies, the variation in the exposure rate between published studies suggests that its definition is not consistent.5 In two studies, physical underactivity earlier in life, particularly for early onset cases, has been reported.2627 The present study found a non-significant odds ratio of 4, but again in a situation of low exposure rates in controls.
All but one case-control study has shown an inverse association of AD with smoking.5 Most studies have indicated a decreased risk of AD with an increase in smoking7 but one found the greatest risk reduction in those who smoked least.8 Inverse associations of smoking and AD in case-control studies might be a result of increased non-compliance of controls who smoke, or because older surviving smokers may be less susceptible to Alzheimer's through having more effective DNA repair mechanisms. 28 The ORs for smoking obtained in this study, although not statistically significant, are consistent with an inverse relationship between AD and smoking at moderate cumulative levels. The lowest ORs were obtained for lesser amounts of smoking but with no obvious doseresponse relationship.
The main source of exposure to aluminium is the diet but since this element is present in so many different chemical forms, the bulk concentration of aluminium in any particular dietary constituent provides no indication of its bioavailability. Aluminium is used widely in the flocculation treatment of water supplies and a number of epidemiological studies have indicated a geographical association between either the prevalence or incidence of AD and the concentration of aluminium in drinking water.'0"1129 Aluminium in water accounts for a minute fraction of the total dietary intake of this element, however, and it has been proposed30 that this geographical relationship is more likely to have been determined by the concentration of dissolved silicon in water, which has been shown to inhibit the gastrointestinal absorption of aluminium.3' Aluminium concentrations in brewed tea are some 10 to 100 times those in drinking water,32 although the presence of tannins and other organic constituents may significantly reduce the bioavailability of aluminium from this source. A major source of exposure is antacids containing aluminium, although two recent case-control studies have failed to find a significantly increased relative risk associated with their use."" In this study, although ORs above unity were obtained for tea drinking and prolonged antacid use, these were not statistically significant, nor was there any significant risk associated with increased levels ofaluminium in drinking water. There are problems in obtaining accurate data for each of these variables. For example, it was not always possible to be certain that a white mixture, reported as being taken for indigestion, was one containing aluminium. With respect to drinking water we only had data for mean levels of aluminium in water based on local authority areas for a time period in the mid to late 1980s. We were, however, able to apply these levels to the individuals in the study on the basis of their place of residence 10 years before the onset of the symptoms, and also to birthplace for the 80 case-control pairs who were born within the northern health region. For each of these analyses, the ORs were not significantly different from unity. Moreover, no striking dose-response relationships were evident. It should be noted, however, that aluminium levels in drinking water fluctuate and some of the concentrations used in this analysis might have related to a period following the onset ofsymptoms ofAD rather than preceding it. This may have led to some misclassification which would obscure the detection of a true relationship between AD and high aluminium concentrations in water. When combinations of exposure to aluminium were analysed, for example being exposed to water containing >99 gg/l or >149 ,ug/l at the place of residence 10 years before dementia onset plus prolonged antacid use or high levels of tea drinking, no significantly raised ORs were detected. In these analyses, however, the prevalence of exposure of the controls to the risk factors is low and the power of the study reduced.
Our conclusion, based on this case-control study with modest statistical power, is that although neuropathological work suggests a role for aluminium in the onset of Alzheimer's type dementia, we have been unable to detect a large effect epidemiologically when examining exposure to aluminium. In an accompanying paper, we return to the issue of dissolved silicon in water, which influences the bioavailability of all sources of aluminium.
